Introduction
the size and site of encystment of hydatid cysts Echinococcusgrunulosus (Batsch, 1786) , Tuenicr within moose.
hydutigencr alla as, 1766, and Tuenicr krrrbbei
Materials and Methods

Moniez' 1879 have been reported in moose'
Moose were collected monthly from 1963 to 1965 within the nlces, from various parts of sympatric wolf, C~n i s ,-hapleau crown came preserve (47"5ot-4y03, N; 8z056'- lupus, and moose range in North America (see (Freeman et 1961) and T. krcrbbei from subcutaneous fat were considered to be in excellent condition;
bear, Ursus americunus (see Addison et 19781, with no subcutaneous and limited visceral fat, in fair condition; within moose range in Ontario. This paper reports and with neither subcutaneous nor perirenal fat, in poor condithe prevalence and intensity of infection of T , tion. Jaws were retained and moose were aged by wear class hydutigena, T . kwbbei, and E. grunulosus with ( W f~, "~~$~: :~i~~~;~~:~~~~~i~~~~~m 3 pieces and palpated age Of and presents findings On for cysts. Liver, spleen, heart, and kidneys were sliced at inter- descriptions from known adult specimens. The size of most (1 114) of the hydatid cysts recovered was recorded in one of the following categories: millet seed (-2mm diameter), pea (-7mm). grape (-2cm). plum (-4cm). and peach (-5+cm). Muscle cysticerci were morphologically indistinguishable from cysticerci of 7. krubbei and T. ocis (Cobbold, 1869) but were considered 7. krcrbbei because of their recovery from moose remote from agricultural areas (see Sweatman and Henshall 1962) . Cysticerci of T. hydatigenu and T. krubbei were considered degenerate if caseous or calcified but otherwise were considered viable. Student's t-test was used to compare metacestode intensities between moose of different physical conditions and between animals with hydatid cysts in different sites. The Spearman rank correlation coefficient (r,) with corrections for ties (see Siegel 1956 ) was used to compare intensities of infection and age of moose.
The term prevalence refers to the percentage of animals infected, and intensity is the number of parasites per animal examined.
Results
Metacestodes of all three species (E. granulosus, T. hydatigena, T. krabbei) were recovered from 22 of 5 1 (43%) moose.
Echinococcus granulosus was present in 36 of 54 (67%) moose. All moose with E. granulosus had cysts in lungs, 33% in liver, 17% in spleen, and 2.8% in heart or kidney. Of 1154 hydatid cysts 95.3% were in lung tissues, 3.6% in liver, 0.9% in spleen, and 1 cyst (0.1%) was recovered from each of heart and kidney. The number of cysts in 21 moose with E. granulosus only in lungs was much smaller (i = 9.8, SD = 9.74) than the number of cysts in lungs of 13 moose with E. granulosus also in liver, spleen, heart, and kidney ( i = 64.6, SD = 51.66) ( p < 0.001). Nine of 13 moose with hydatid infections in liver, spleen, heart, or kidney were WC VII and older and the youngest moose was WC IV.
Hydatid cysts varied in size from millet seed to peach and 68% of cysts were pea-sized or grapesized. The percentage of small millet-sized cysts within each age group decreased with increasing age, whereas the occurrence of the larger plumsized and peach-sized cysts increased with increasing age ( Table 1 ) .
The prevalence of E. granulosus increased with age of moose until approximately WC IV, by which time most moose were infected ( Table 1 ) . Intensity of E. granulosus also increased with age (r, = 0.77, p < 0.001) and the oldest age group included moose with 125, 131, and 167 cysts.
Taenia hydatigena was found in liver of 38 of 51 (75%) moose but was not observed in lungs, spleen, heart, or kidneys. The prevalence of T. hydutigena was 80% in moose WC I1 and older, but 50% in younger moose ( Table 2 ). The intensity of T. hydatigenu was positively correlated with age of moose (r, = 0 . 4 6 ,~ < 0.001). Viable and degenerate cysticerci both increased in number with age but viable cysticerci generally increased at a greater rate than degenerate cysticerci (Table 2) .
Taenia krabbei was recovered from cardiac muscle of 40 of 54 (74%) moose. The prevalence of T. krabbei was greater in moose WC I1 and older than in younger moose with most moose WC I1 and older being infected (Table 3) . Viable and degenerate cysticerci of T. krabbei both increased in number with age but viable cysticerci generally increased at a greater rate than degenerate cysticerci (Table 3) . The intensities of E. granulosus, T. krabbei, and T. hydatigena of moose in poor and fair condition did not differ significantly ( p > 0.05) from intensities of infection of moose in excellent condition.
Discussion
Transmission of E. granulosus, T. hyd~rtigena, and T. krabbei in the Chapleau Crown Game Preserve was probably dependent upon moosewolf interactions. Echinococcus granulosus, T. hydatigena, and T. krabbei are known from wolves of northeastern Ontario (Freeman et al . 1961) , and moose were the only ungulates present. In addition, T. krabbei was recovered from black bear in the Game Preserve (unpublished data).
Echinococcus granulosus is more prevalent in lungs than in other organs of moose (Rausch 1952; Harper et al. 1955; Ritcey and Edwards 1958; Rausch 1959 ; present study) and lungs contain the greatest numbers of cysts (Sweatman and Williams 1963; present study) . Lungs appear to be the primary site of hydatid cysts in moose, and liver is more frequently infected than are other secondary sites such as spleen, heart, and kidney. The relationship between infection of secondary sites and age of moose or intensity of infection of lungs remains unclear, even though E. granulosus was present in liver, spleen, heart, or kidney mainly of older moose with heavy pulmonary infections.
Hydatid cysts were not observed in calves and most yearlings during the current study or in calves in previous studies (Rausch 1959; Sweatman and Williams 1963; Samuel et al. 1976) . Little is known about the rate of growth of hydatid cysts in moose.
However, R. L. Rausch (personal communication) has recovered hydatid cysts 2-2.5 mm in diameter 256 days (8.5 months) after infection of a moose calf using E. granulosus from an Alaskan caribou, Rangifrr tarcrndus; the E. grcrnulosus had been reared experimentally in a dog. Assuming a birth period of late May to early June for Ontario moose (see Peterson 1955 ) the two calves examined in the present study were 5-6and 9-10 months old and the yearlings were 12-18 months old. Cysts of the size recovered by R. L. Rausch (personal communication) could have been overlooked.
An increase in the prevalence of E. grtrnu1osu.s with age of moose (Rausch 1959 ; present study) and the tendency for older moose to be more heavily infected with E. gre~nulo~sus than were younger moose (Ritcey and Edwards 1958; Sweatman and Williams 1963) suggests that repeated infection of moose may occur. The positive correlation between intensity of E. gr~anulosus and age of Chapleau moose suggests that reinfection may occur throughout the life of moose.
More than 50% of the moose collected in the present study were WC IV and older and 25% were R'C VII and older. The high proportion of older moose in the sample may reflect the prohibition of legal hunting within the study area and may explain, in part, the high prevalence and intensity of E. grclnulosus.
The absence of any apparent relationship between physical condition and intensity of pulmonary infection with E. granulosus in the current and previous studies (Rausch 1952; Ritcey and Edwards 1958; Rausch 1959 ) supports the suggestion of Rausch (1952) that metacestodes of E. granulosus "appear to be essentially non-pathogenic in their natural mammal hosts." There is little evidence in the literature to support previous suggestions (Harper et al. 1955; Peterson 1955; Mech 1970 ) that heavy pulmonary infections of E. granulosus may predispose moose to predation or other causes of mortality when stressed.
Liver appears to be the principal site of T. hydatigena in moose but cysticerci have been recovered from other visceral sites (Sweatman and Plummer 1957; Ritcey and Edwards 1958) . More metacestodes of T . hydatigena may have been present in the Chapleau moose than are reported as only some tissue sites of T . hydatigena were examined.
Taenia hydatigena was moderately more prevalent (1-8%) than T. krnbbei and E. granulosus in moose within the Chapleau Crown Game Preserve, an area where moose is the only cervid present. In contrast, T . hydatigena was considerably more prevalent (11-76%) than T . krabbei and E. granulosus in moose in other study areas (Ritcey and Edwards 1958; Samuel et al. 1976; Sweatman and Plummer 1957; Sweatman and Henshall 1962; Sweatman and Williams 1963) cohabited by moose and deer. Taenicr hydatigena has been reported more frequently than T. krtrbbei and E. granulosus from deer (0. hemionus and 0. cirginianus) (see Anderson 1962; Sweatman and Henshall 1962; Sweatman and Williams 1963; Leiby and Dyer 1971) and may be more infective to deer than are T. krabbei and E. grcrnulosus of moose-wolf origin. The presence of more potential intermediate hosts for T. hydatigena than for the other two species in areas cohabited by moose and deer may account, in part, for the higher prevalence of T. hydcrtigena in moose.
Tcrenia hydatigencr was more prevalent in older moose than in calves (Samuel et al. 1976; present study) . Although the presence of degenerate cysticerci in young Chapleau moose may indicate host response to initial infections, the intensity of T. hydatigena also increased with age, suggesting that repeated infection may occur throughout the life of moose.
The prevalence and intensity of T. krabbei in whole Chapleau moose were probably greater than reported from examination of cardiac muscle alone. Samuel (1972) recovered T . krubbei from skeletal muscles throughout the body of moose and observed concentrations in cardiac muscle and in muscles of the head. Nevertheless the prevalence of T . krabbei in Chapleau moose is amongst the highest reported. The apparent relationship between prevalence and age in Chapleau moose and the high proportion of old moose may account, in part, for the high prevalence of T. krabbei in the present study. In addition, the prevalence of T . krabbei in moose may be greater than in other areas if black bears, as well as wolves, are frequent definitive hosts in the Cliapleau Crown Game Preserve. Taeniids, some of which were identified as T . krabbei, were recovered from 15% of 61 bears within the Game Preserve (unpublished data).
Intensity of T. krabbei in cardiac muscle increased with age suggesting that repeated infection of T . krabbei, like E. grunulosus and T. hydatigena, may occur. As with E. grunulosus and T. hydatigenu, metacestodes of T . krabbei are likely not serious pathogens of moose.
